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CirclesThe current model of the plant cytokinetic apparatus, describing it as being
composed of treadmilling microtubules, is challenged by a new study showing
that these microtubules display dynamic instability.Clive Lloyd
How does the plant cell’s cytokinetic
apparatus, composed of highly
dynamic microtubules, maintain its
bilateral symmetry as it keeps
expanding outwards? Early on, just
after nuclear division, the young
phragmoplast — the structure that lays
the new dividing wall between sister
nuclei — is indistinguishable from the
remnant of the mitotic spindle.
Whereas the animal cell’s plasma
membrane constricts inwards to the
spindle midzone, pinching the cell in
two, the plant cell divides by directing
Golgi vesicle transport along
microtubules to the midline where
the vesicles fuse to form a cross-wall.
This membrane barrier starts a point in
the centre of the separated nuclei,
and grows outwards, expanding the
phragmoplast until it joins the rigid
mother wall. Previously, it was thought
that the bilateral symmetry of the
phragmoplast was maintained during
its long centrifugal journey by
microtubule treadmilling, with two setsof interdigitating plus-ends constantly
growing towards each other (and
perhaps sliding apart to prevent too
much overlap) while the minus-ends of
the microtubules depolymerised. Now,
in this issue of Current Biology,
Smertenko et al. [1] account for
discrepancies that have arisen over the
last twenty years by showing that the
dynamicity of the phragmoplast is
based instead on the dynamic
instability of microtubules.
Early studies, in which addition of
exogenous tubulin under
non-physiological conditions formed
hooks whose direction of curvature
revealed the otherwise cryptic polarity
of the microtubule, established that the
phragmoplast is a mirror image: two
opposed circular palisades of
microtubules meeting at their
plus-ends [2]. At that time, there was
little reason to suspect that this
cytokinetic apparatus is highly
dynamic, for even the expansion of the
double ring could be explained by its
passive displacement by the wall that
grows in the hollow centre.One of the first clues of dynamicity
came in 1991 when Asada et al. [3]
extracted dividing plant cells with
glycerine and added fluorescent
tubulin to them. The tubulin was
incorporated at the plus-ends of the
two interlocking circlets of
microtubules to form a single
fluorescent line where the opposing
plus-ends met in the midline.
Unlabelled tubulin was then added to
chase out the fluorescent protein, and
this caused the single fluorescent line
to split in two. The explanation for this
result was that the unlabelled tubulin
entered the microtubule lattice at the
overlapping plus-ends, and
treadmilling of tubulin subunits
displaced the fluorescent segments
towards the minus-ends. However,
several studies (e.g. [4]) have shown
that plus-ends labelled with the
fluorescent plus-end binding marker
EB1 can be seen growing towards, and
not just at, the midline. This
observation suggests that microtubule
growth is not restricted to a narrow
zone at the midline and even hints at
the possibility that new microtubules
may arise throughout the body of the
structure.
To examine this further, Smertenko
et al. [1] took dividing tobacco
BY-2 cells expressing fluorescent
tubulin and then photobleached
rectangle-shaped areas of the
phragmoplast. If tubulin subunits
Figure 1. Computer simulation of photobleaching experiments.
In the live-cell photobleaching experiment, the lack of translocation of the bleach zone was
inconsistent with a treadmilling model. This model, where all of the microtubules in the cell
are undergoing treadmilling, is represented in the lower row of panels, where the photo-
bleached zone is translocated towards the microtubule minus-ends. In the upper simulation,
lowering the proportion of treadmilling microtubules to just 5%, while the rest of the microtu-
bules exhibit dynamic instability, more accurately depicts the results from the in vivo experi-
ments. (Adapted from Figure 2 in [1]).
Dispatch
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treadmilling away from the midline, one
would expect to see the photobleached
rectangle conveyed in the direction of
the minus-ends. Instead, recovery of
fluorescence was not directional, but
occurred throughout the bleach zone.
This result seems to be more
consistent with a model in which the
minus-ends are capped while
plus-ends growing at various levels of
the phragmoplast are directed towards
the midline.
An interesting feature of this paper is
the computer modelling in which
various mechanistic options were
explored. Using these techniques, it
was possible to vary the proportions of
microtubules undergoing treadmilling
or dynamic instability to see whether
different combinations of activities
could account for the observed pattern
of fluorescence recovery (Figure 1).
If treadmilling were predominant, the
in silico bleached area would be
expected to move away from
the midline, but that was not seen,
indicating that treadmilling is
unlikely to be a major activity in
the phragmoplast.
The microtubule-stabilizing drug
taxol is known to stop the centrifugal
expansion of the phragmoplast. Here,
the drug was used at a concentration
that suppressed microtubule
dynamics. Intriguingly, recovery from
photobleaching was faster at the point
of microtubule overlap in the presence
of taxol than in control cells, suggesting
that turnover of microtubules is faster
at the midzone in the absence of
microtubule dynamics, generating
asymmetry in microtubule turnover
within the phragmoplast. Again,
modelling was used to simulate various
scenarios based on varying the
microtubule dynamics and the
direction and location of microtubule
nucleation. The only combinations
found to model the live-cell
observations included those in which
microtubules are nucleated randomly
and have a bias for growing towards
the midline. Changing the rates of
microtubule polymerization was found
to make the width of the midzone
larger or smaller. That is, the
half-phragmoplast asymmetry could
result from increased polymerization
rates in the vicinity of the midzone.
This new model therefore suggests
that phragmoplastmicrotubules can be
nucleated anywhere within the
structure with a polarity handed downfrom the mirror-image structure of the
anaphase spindle. How, though, can
the polarity of each phragmoplast half
be conserved over long periods as
microtubules continue to grow and
shrink? Other work on interphase
Arabidopsis cells indicates that most
microtubules are nucleated upon
existing microtubules whose polarity
they tend to share [5]. This work implies
that nucleating material is able to
read the polarity of associated
microtubules, thereby perpetuating
their directionality throughout the
constant churn of these highly dynamic
structures. In this way, mitotic spindle
bipolarization, originating from
cross-bridging motors that slide
anti-parallel microtubules apart [6],
would persist in the anaphase
spindle; this symmetry would then
be inherited by the phragmoplast
and retained in a semi-conservative
manner as the expanding spindle
turns over.
Other factors also contribute to the
maintenance of bipolarity, based on
preferential growth towards the
midline. For instance, Ho et al. [4]
recently showed how the
cytokinesis-specific protein MAP65-3
selectively crosslinks interdigitating
plus-ends, providing a stable
framework for the other highly dynamic
non-interdigitating microtubules.The take-home message seems to
be that the self-organization of even
very large cytoskeletal assemblies is
not eroded by dynamic instability, but
rather depends upon it, in conjunction
with the ability of associated proteins
to read the inherent asymmetry of the
lattice.
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